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(54) CABIN PRESSURE CONTROL SYSTEM WITH SELECTION OF RATE OF CHANGE

(57) In some examples, a cabin pressure (530) con-
trol and monitoring system includes an outflow valve
(150, 350) and a manual control panel (160, 200, 260)
comprising a selector switch (202, 222) and configured
to generate a signal (154, 502), wherein a value (001)
encoded in the signal (154, 502) is dependent on a po-
sition of the selector switch (202, 222). The cabin pres-
sure (530) control and monitoring system also includes
a controller configured to receive the signal (154, 502)
from the manual control panel (160, 200, 260), determine
a target rate of change for a cabin pressure (530) based
on the value (001) encoded in the signal (154, 502), and
control the outflow valve (150, 350) based on the target
rate of change.
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Description

[0001] The present application claims the benefit of U.S. Provisional Patent Application Serial Number 63/158,734,
filed on March 9, 2021, the entire content being incorporated herein by reference.

TECHNICAL FIELD

[0002] The disclosure relates to aircraft cabin air pressure control.

BACKGROUND

[0003] Aircraft may have a pressurized cabin to provide comfort and sufficient oxygen to a flight crew as well as
passengers. In some examples, bleed air from the aircraft engines, or an engine driven air pump, may provide pressure
to the aircraft interior. An outflow valve (OFV) may be used to release pressure from inside the cabin to the atmosphere
to keep the internal cabin pressure within a desirable range. Some aircraft are equipped with a cabin pressure control
system (CPCS) to maintain the cabin pressure altitude to within a relatively comfortable range (e.g., below approximately
8,000 feet). The CPCS may automatically allow gradual changes in the cabin pressure altitude to keep passengers and
crew comfortable and maintain a cabin-to-atmosphere differential pressure below nominal and maximum limits.

SUMMARY

[0004] In general, the disclosure is directed to a cabin pressure control system. The cabin pressure control system
(CPCS) may include a selector switch that allows a user to choose a target rate of change for a cabin pressure. A
controller may be configured to control an outflow valve to achieve the target rate of change for the cabin pressure. The
CPCS of this disclosure may allow for a simple user interface so that a vehicle operator can control the cabin pressure
with a reduced number of interactions, touches, or keystrokes.
[0005] The details of one or more examples of the disclosure are set forth in the accompanying drawings and the
description below. Other features, objects, and advantages of the disclosure will be apparent from the description and
drawings, and from the claims.
[0006] In some examples, a cabin pressure control and monitoring system includes an outflow valve and a manual
control panel comprising a selector switch and configured to generate a signal, wherein a value encoded in the signal
is dependent on a position of the selector switch. The cabin pressure control and monitoring system also includes a
controller configured to receive the signal from the manual control panel, determine a target rate of change for a cabin
pressure based on the value encoded in the signal, and control the outflow valve based on the target rate of change.
[0007] In some examples, a method for controlling cabin pressure includes receiving a signal from a manual control
panel, wherein a value encoded in the signal is dependent on a position of a selector switch. The method also includes
determining a target rate of change for a cabin pressure based on the value encoded in the signal. The method further
includes controlling an outflow valve based on the target rate of change.
[0008] In some examples, a device includes a computer-readable medium having executable instructions stored
thereon, configured to be executable by processing circuitry for causing the processing circuitry to determine a target
rate of change for a cabin pressure based on a value encoded in a signal received from a manual control panel, wherein
the value encoded in the signal is dependent on a position of a selector switch of the manual control panel. The instructions
are configured to be executable by the processing circuitry for further causing the processing circuitry to control an
outflow valve based on the target rate of change.

BRIEF DESCRIPTION OF DRAWINGS

[0009]

FIG. 1 is a block diagram illustrating an example of a CPCS according to one or more techniques of this disclosure.
FIG. 2A is a conceptual diagram illustrating an example manual control panel, according to one or more techniques
of this disclosure.
FIG. 2B is a schematic diagram illustrating an example controller configured to receive a digital signal from a manual
control panel, according to one or more techniques of this disclosure.
FIG. 3 is a conceptual block diagram of the system architecture of a CPCS, in accordance with some examples of
this disclosure.
FIG. 4 is a figure that describes the combinational signals from selector switch, when codified for manual monitor
controller (MMC) unit.
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FIG. 5 is a block diagram illustrating details of an example implementation of a manual monitor controller unit as
part of a CPCS according to one or more techniques of this disclosure.
FIG. 6 is a flowchart illustrating an example operation of a manual control system according to one or more techniques
of this disclosure.

DETAILED DESCRIPTION

[0010] Some types of all-electric cabin pressure control system (CPCS) may be configured to implement various
techniques to provide "manual" control in response to a fault in the automatic control portion of the CPCS. In a first
example, after a fault in the automatic pressure control system, the outflow valve (OFV) may remain in its last position
because of the gear box design. A second or third manual controlled motor on the OFV may be operated by a switch in
the flight deck to open or close the OFV.
[0011] When the OFV is in its fixed position, the actual cabin altitude can drift or fluctuate as a result of fresh air inflow
changes, airplane altitude changes, engine power setting changes or other conditions that can change the cabin altitude.
For example, for a vehicle set to maintain a given course and altitude, the autopilot may make regular small changes in
the engine power settings. Small changes in the power settings may cause the bleed air pressurization system, or a
separate air compressor, used to pressurize the cabin to change how the system pressurizes the cabin. When the
automatic portion of the CPCS is operating, the CPCS may change the motor position that adjusts the OFV position to
compensate for these power setting, or other changes in the cabin air pressure. However, with a fixed manual control
system, the operator may have to activate the manual control of the valve frequently, which may distract the operator
from other aspects of operating the vehicle.
[0012] The cabin altitude expresses the cabin pressure in terms of an equivalent atmospheric altitude. For example,
a cabin altitude of zero (i.e., sea level) means that the cabin pressure is equal to the atmospheric pressure at sea level,
which is approximately 14.7 psia, 1 bar, 100 kilopascals, or 760 mmHg. A cabin altitude of 5,000 feet means that the
cabin pressure is equal to the atmospheric pressure at an altitude of 5,000 feet, which is approximately 12.2 psia, 0.54
bar, 54 kilopascals, or 410 mmHg.
[0013] A CPCS may include redundant systems and safety features to prevent over pressurization or under pressur-
ization of the cabin. In some examples, a vehicle may have back-up electronics, two outflow valves, may have one or
more safety valves and may have fault detection to switch the automatic control to manual control by the flight crew.
Additional example details of redundant CPCS are described in commonly assigned U.S. Patent Application Publication
Number 2020/0298978, entitled "Dissimilar Microcontrollers for Outflow Valve," filed on March 22, 2019, U.S. Patent
Application Publication Number 2020/0298979, entitled "Cabin Pressure Control System with All-Electric OFV, Using
Dis-Similar Manual Control that Performs Cabin Altitude Hold Function," filed on February 28, 2020, the entire contents
of each of which are incorporated herein by reference.
[0014] In a second example, a backup motor (sometimes used by the automatic control system) may be controlled
by a control unit, utilizing inputs from the vehicle operator for selected cabin altitude or selected cabin altitude rate of
change. This system may require flight deck analog or digital interfaces to the CPCS. For example, the manual control
of the CPCS may be implemented by adding softkeys or controls to the multi-function display (MFD) or other controls
and/or displays on the flight deck. Integrating the CPCS manual controls into one or more other flight deck systems may
take flight deck area, e.g. a flight crew may be required to switch back and forth between screen views for the CPCS
controls. Integrating CPCS manual controls into other flight deck systems may require custom installations and may be
expensive relative to the first method described above. Different operators and manufacturers may seek different methods
to implement manual CPCS interface, which may add system integration costs during the development of an airplane.
[0015] In other examples, a pneumatic system may be used. In the pneumatic system, when the auto control fails,
the cabin altitude may be "held" until the user manually adjusts the cabin altitude using a pneumatic valve. Pneumatic
systems may have some undesirable features such as being more expensive, more difficult to install, and utilizing
pneumatic tubing from the flight deck to control the outflow valve. The pneumatic tubing may have reliability issues, such
as leakage, may be significantly heavier than wiring and the pneumatic switches may not be as reliable as all-electric
manual control.
[0016] In another example, an electro-pneumatic system may be used. In the electro-pneumatic system, when auto
control fails, the system can hold the cabin altitude without a user adjusting of the cabin altitude. This system may have
the undesirable feature that the system may not change the cabin altitude when the altitude of the vehicle changes. For
example, the vehicle operator may desire to maneuver the vehicle to a higher or lower altitude without reaching an
altitude limitation. In addition, when the cabin altitude is held steady, the vehicle operator may "fly through the cabin"
during a descent. This can force the operator to perform a commanded depressurization of the cabin prior to landing.
This example system can also prevent easy opening or closing of the valve on ground for maintenance purposes.
[0017] In contrast to the pneumatic system, or softkey controls in the MFD, the system of this disclosure provides all-
electric manual control of the OFV, using simplified controls (a simple electrical selector switch), such that after an
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automatic control failure, the cabin altitude is "held" until the user manually adjusts it to increase or decrease according
to the climb or descent rate setting, or open or close the valve according to the switch setting - for example during ground
maintenance. The closed-loop control to maintain the cabin pressure and/or the rate of change is independent from the
automatic pressure control system. The manual control panel of the system of this disclosure may include a simple,
intuitive interface that reduces operator workload by reducing the need to either pay close attention to the cabin pressure
or to switch back and forth between other flight deck controls to monitor the cabin pressure. Further, the operator may
control the cabin altitude higher or lower for the comfort of the passengers or to create a desired differential pressure.
[0018] A system of this disclosure may include a selector switch that allows a user to select a rate of increase or a
rate of decrease of the cabin pressure. In contrast, an existing system may allow the user to open or close the outflow
valve, without any closed-loop control of an increase or decrease in the cabin pressure. Using the system of this disclosure,
the user may be able to command, for example, a five hundred feet per minute decrease in the cabin altitude until the
cabin pressure reaches a desirable level. In the existing system, the user would command a closing of the outflow valve
to increase the cabin pressure until the pressure reached a desirable level, at which time the user can command a hold
on the cabin pressure.
[0019] The selector switch may be easier and/or more intuitive to use than previous input devices. For example, a
vehicle operator may be able to operate the selector switch while diverting less attention away from other vehicle
operations. The selector switch may provide tactile indication to a user, allowing the user to easily set the selector switch
to the desired setting. The selector switch may have a simple design but provide more fine-tuned control than existing
input devices. Thus, a system including a selector switch may include improved user experience and improving user
control.
[0020] In this disclosure, any space within an aircraft, or similar vehicle, may be monitored and controlled by a CPCS
of this disclosure. Some examples of spaces within a vehicle may include an aircraft cabin, a cockpit, control booth, a
hold or storage space of a vehicle, and similar spaces. In some examples, a vehicle cabin may include seating for a
passengers as well as locations for cargo. In some examples a cockpit or control booth may be where a vehicle operator,
such as a flight crew, controls the operation of the vehicle. In this disclosure, any reference to controlling cabin pressure
may also refer to controlling cockpit pressure, or any other space within a vehicle, unless otherwise specifically noted.
[0021] FIG. 1 is a block diagram illustrating an example of a CPCS according to one or more techniques of this
disclosure. CPCS 100 may be part of an aircraft such as an airplane, a helicopter, or a weather balloon. Alternatively,
CPCS 100 can be part of a space vehicle such as a satellite or spaceship. Although the systems of this disclosure are
described in the context of aircraft, the systems of this disclosure may apply to any type of vehicle.
[0022] In the example of FIG. 1, CPCS 100 controls and monitors the pressure of a fluid in a cabin. The cabin may
be the passenger compartment of a vehicle, such as the galley and/or cockpit of an aircraft, which is filled with air. Air
pressure is related to air density, so human lungs work harder at lower air pressures, as compared to higher air pressures,
to ingest enough oxygen. Thus, for the occupants of the cabin, it is important to maintain a sufficiently high fluid pressure
(e.g., air pressure). CPCS 100 can also include one or more sensors for sensing the pressure of the fluid in the cabin,
or for sensing the atmospheric pressure outside of the cabin. The pressure sensors may send one or more pressure
sense signals 126 to manual monitor controller (MMC) unit 122 and automatic control unit 112. In some examples,
pressure sense signals 126 may be implemented by tubing, or similar structure, that may connect the cabin directly to
a pressure transducer, which converts the pressure to an electrical signal. In other examples, a pressure sensor may
measure the cabin pressure and send an electrical signal indicating the measured pressure to MMC unit 122 and
automatic control unit 112.
[0023] CPCS 100 may also receive valve position signals 154 from valve position circuitry within valve gearbox 152
for sensing the position of OFV 150. The airplane may also include an inflow valve for allowing fluid to flow into the cabin,
e.g. from an engine bleed air system or other such system (not shown in FIG. 1).
[0024] Microcontroller 110, via automatic control unit 112, automatically controls the pressure of the fluid in the cabin
based on a sensed cabin pressure. Automatic control unit 112 may operate with a closed feedback loop. Microcontroller
110 can receive a signal indicating the cabin pressure and determine whether to open or close OFV 150 based on the
signal. Microcontroller 110 may be configured to deliver signals to a motor driver that controls the operation of first motor
130. Additional example details of motors for controlling outflow valve are described in commonly assigned U.S. Patent
Number 6,979,257, entitled "Cabin Pressure Control Method and Apparatus Using All-Electric Control Without Outflow
Valve Position Feedback," issued on December 27, 2005, the entire contents of which are incorporated herein by
reference.
[0025] Microcontroller 110 can also receive a pressure sensor signal 126 indicating the pressure of the fluid and control
motor 130 based on the pressure sensor signal 126.
[0026] In examples in which the pressure sensor signal indicates that the cabin pressure is greater than an upper
threshold, microcontroller 110 can control motor 130 to open OFV 150 to release fluid and lower the cabin pressure. In
examples in which the pressure sensor signal indicates that the cabin pressure is less than a lower threshold, micro-
controller 110 can control motor 130 to close OFV 150 to prevent the release of fluid from the cabin. Microcontroller 110
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can also be coupled to an avionics system of the aircraft to receive control signals from the avionics.
[0027] Microcontroller unit (MCU) 120, of MMC unit 122, controls the pressure of the fluid in the cabin based on user
inputs using the manual control panel 160. Manual control panel 160 may include any type of electrical selector switch
configured to receive user input by turning a knob and/or touching a screen. In some examples, CPCS 100 may include
a first selector switch that allows for a user to select to hold the cabin, increase or decrease cabin pressure by selecting
a climb or descent rate, or open and close the valve by selecting respective options. CPCS 100 may also include a
second switch that allows the user to select a dump operation, which may include a fast decrease in cabin pressure.
MMC unit 122 can open or close OFV 150 based on the status of the first switch. MMC unit 122 may open the OFV 150
in response to detecting that the user has actuated the dump switch. MMC unit 122 may be configured to refrain from
driving motor 140 in response to detecting that manual control panel 160 does not indicate that the user selected manual
operation.
[0028] In some examples, microcontroller 110 and MCU 120 may include computer readable storage in the form of a
memory. In other examples, microcontroller 110 and MCU 120 may also be operatively connected to a memory external
to microcontroller 110 or MCU 120 (not shown in FIG 1). Either internal or external memory may include programming
instructions for the processing circuitry within microcontroller 110 and MCU 120. The memory may also store and retrieve
data, values, flags, setpoints, etc. that may be used by microcontroller 110 and MCU 120.
[0029] A type of microcontroller 110 may be different than a type of MCU 120 to reduce the likelihood of a common
failure for microcontroller 110 and MCU 120 for the same common reason, such as manufacturing process defect, an
actual design defect, or from an external influence such as exposure to temperature, radiation, vibration, or power
interrupts. The type of microcontroller 110 refers to the manufacturer, the model number, the design, the manufacturing
facility, the software compiler, the operating system, pin count, logic family (e.g., complementary metal-oxide-semicon-
ductor (CMOS) or transistor-transistor logic (TTL)), and/or the register size (e.g., eight or sixteen bits) of microcontroller
110. Thus, the manufacturer or brand name of microcontroller 110 may be different than the manufacturer or brand
name of MCU 120. Additionally or alternatively, the operating system of microcontroller 110 may be different than the
operating system of MCU 120. In some examples, microcontroller 110 can operate independently of MCU 120 so that
if one of microcontroller 110 and MCU 120 fails, the remaining microcontroller can still control outflow valve 150. Inde-
pendent operation can include microcontroller 110 and MCU 120 having separate power supplies, separate pressure
sensors, separate circuit boards, and/or galvanic isolation between microcontroller 110 and MCU 120.
[0030] In some examples, MCU 120 receives a different power supply than microcontroller 110 to reduce the likelihood
of a common failure for microcontroller 110 and MCU 120. Different power supplies for each of microcontroller 110 and
MCU 120 can reduce the likelihood that both of microcontroller 110 and MCU 120 fail at the same time, for the same
common reason, such as a manufacturing or design defect of the power supply electrical device itself, or a design
implementation defect of the integrated electrical design, or an external influence such as temperature exposure. The
power supplies may be independent of each other by, for example, using different power sources (e.g., different batteries
or generators) and different aircraft supplied power buses.
[0031] Motors 130 and 140 are configured to control the position of OFV 150. Each of motors 130 and 140 may be
able to open or close OFV 150. In some examples, motor 130 includes a brushless direct-current (BLDC) motor, and
motor 140 includes a brushed direct-current (BDC) motor. However, either of motors 130 and 140 may include a BLDC
motor, a BDC motor, a stepper motor, and/or an inductive motor. Each of motors 130 and 140 can control OFV 150
through a single, shared actuator or valve gearbox 152. Valve gearbox 152 may be configured as a differential gear box
such that either or both of motors 130 and 140 may control the position of OFV 150.
[0032] The motor drive electronics for motor 130 may be separate and dissimilar from the motor drive electronics for
motor 140 to reduce the likelihood that both motor drive electronics fail at the same time. For example, the type, brand,
design, and other characteristics of the motor drive electronics for motor 130 may be different than the type, brand,
design, and other characteristics of the motor drive electronics for motor 140. The motor drive electronics may include
a multiphase inverter for delivering power to motor 130 and/or 140.
[0033] OFV 150 can release fluid from the cabin based on the state of OFV 150. For example, OFV 150 can include
a butterfly valve that can rotate to increase or decrease the fluid flow rate through OFV 150. OFV 150 may be positioned
within the bulkhead of an aircraft and may be in flow communication with the cabin air and the outside ambient atmosphere.
A position sensor in valve gearbox 152 may sense the position of OFV 150. In other examples, position sensor near
OFV 150 can sense the position of OFV 150 and deliver a signal 154 to microcontroller 110 and/or 120.
[0034] MMC unit 122 of CPCS 100 may include a closed-loop system to adjust the cabin pressure or adjust the cabin
pressure rate of change based on a feedback pressure signal when in manual mode. The manual mode closed-loop
system is independent from the pressure control system in automatic control unit 112. Manual control panel 160 may
include an electric selector switch configured to provide a number of (e.g., three) electrical connections to control electric
motor 140 and thereby control OFV 150. The processing circuitry of MMC unit 122, i.e. MCU 120, may be configured
to receive data transmitted along the electrical connections, where the data may codify the electrical selector switch
input into a specific command or mode of operation. The processing circuitry of MMC unit 122, i.e. MCU 120, may be
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configured to receive a pressure sense signal 126 indicating a pressure of the cabin, via monitoring circuitry 124.
Monitoring circuitry 124 may contain circuitry configured to convert the pressure sense signal 126 into an electrical
signal, pressure limiting circuitry, and an override function to ensure cabin pressure does not drop below a predetermined
threshold.
[0035] In response to the alternate position mode switch in manual control panel 160 being set to the manual position,
and the electrical selector switch in manual control panel 160 resting in the hold position, MCU 120 may determine the
commanded target first pressure of the cabin when the electric switches were set to the manual and hold positions using
a typical MCU operational cycle by cycle sample (of the pressure sense signal 126) and then hold (of the pressure signal
126) method. MCU 120 may send electric signals to motor driver circuitry for motor 140 to control motor 140 to maintain
the pressure of the cabin at the set pressure by controlling the position of OFV 150. MCU 120 may be configured to
maintain the cabin at the first pressure (targeted pressure) within a threshold range, such as plus or minus 0.23 kilopascals,
or in some examples, plus or minus 70 feet of altitude.
[0036] In response to determining that the alternate position mode switch in manual control panel 160 is set to the
manual position, and the electrical selector switch in manual control panel 160 is resting in the hold position, MCU 120
may determine the commanded target first pressure of the cabin. MCU 120 can determine the pressure when the electric
switches were set to the manual position and to the hold position using a typical MCU operational cycle by cycle sample
(of the pressure sense signal 126) and then hold (of the pressure signal 126) method. MCU 120 may send electric
signals to motor driver circuitry for motor 140 to control motor 140 to maintain the pressure of the cabin at the set pressure
by controlling the position of OFV 150. MCU 120 may be configured to maintain the cabin at the first pressure (targeted
pressure) within a threshold range, such as plus or minus 0.23 kilopascals, or in some examples, plus or minus 70 feet
of altitude.
[0037] In response to the alternate position mode switch in manual control panel 160 being set to the manual position,
and the electrical selector switch in manual control panel 160 resting in the slow climb position, MCU 120 may determine
the predetermined commanded target first pressure rate of change of the cabin when the electric switches were set to
the manual and slow climb positions. MCU 120 can use a typical MCU operational cycle by cycle sample (of the pressure
sense signal 126) and then rate control (of the pressure signal 126) method. MCU 120 may send electric signals to
motor driver circuitry for motor 140 to control motor 140 to maintain the predetermined pressure rate of change of the
cabin at the set pressure by controlling the position of OFV 150. MCU 120 may be configured to maintain the cabin
pressure rate of change at the first predetermined pressure rate of change (targeted pressure rate of change), such as
an increase of approximately five hundred feet per minute. MCU 120 can keep the decrease rate in pressure within a
threshold range, such as plus or minus 0.27 kilopascals per minute, or in some examples, plus or minus 75 feet per
minute of altitude change rate.
[0038] In the same manner, in response to the alternate position mode switch in manual control panel 160 being set
to the manual position, and the electrical selector switch in manual control panel 160 resting in the fast climb position,
MCU 120 may determine the predetermined commanded target second pressure rate of change of the cabin when the
electric switches were set to the manual and fast climb positions. MCU 120 can use a typical MCU operational cycle by
cycle sample (of the pressure sense signal 126) and then rate control (of the pressure signal 126) method. The target
rate of increase of the fast climb position setting may be approximately one thousand feet per minute.
[0039] In the same manner, slow descent and fast descent selector switch position and manual switch position may
maintain the cabin pressure rate of change at the third and fourth predetermined pressure rates of change (targeted
pressure rates of change). The target rate of increase of the slow descent position setting may be approximately three
hundred feet per minute. The target rate of increase of the fast descent position setting may be approximately seven
hundred feet per minute. These rates of changes are described merely as examples, and other rates of change can be
used in addition or as an alternative to the rates described herein.
[0040] In response to the alternate position mode switch in manual control panel 160 being set to the manual position,
and the electrical selector switch in manual control panel 160 resting in the OFV open position, MCU 120 may determine
the predetermined commanded motor voltage and polarity when the electric switches were set to the manual and OFV
open positions using a typical MCU operational control of the pulse width modulation (PWM) control method. MCU 120
may send electric signals to motor driver circuitry for motor 140 to control motor 140 to maintain the predetermined motor
voltage and polarity at the set voltage and polarity by controlling the speed and direction of OFV 150. MCU 120 may be
configured to maintain the commanded motor voltage at the first predetermined motor voltage within a threshold range,
such as plus or minus 0.3 volts DC. MCU 120 may also monitor the pressure sensor 126 to compare the actual cabin
pressure against a predetermined cabin pressure, and set the commanded motor voltage to zero volts DC, when the
actual cabin pressure is less than the predetermined cabin pressure, such as a pressure associated with an altitude of
13,500 feet.
[0041] In response to the alternate position mode switch in manual control panel 160 being set to the manual position,
and the electrical selector switch in manual control panel 160 resting in the OFV close position, MCU 120 may determine
the predetermined commanded motor voltage and polarity when the electric switches were set to the manual and OFV
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close positions using a typical MCU operational control of the pulse width modulation (PWM) control method. MCU 120
may send electric signals to motor driver circuitry for motor 140 to control motor 140 to maintain the predetermined motor
voltage and polarity at the set voltage and polarity by controlling the speed and direction of OFV 150. MCU 120 may be
configured to maintain the commanded motor voltage at the first predetermined motor voltage within a threshold range,
such as plus or minus 0.3 volts DC.
[0042] The system of this disclosure may include a cabin altitude "hold," cabin altitude rate of change, and OFV open
and OFV closed functions after failure of automatic CPCS control, using a separate, dissimilar control means from
automatic control. Other examples of all-electric systems may not have a hold, cabin altitude rate of change, and OFV
open and OFV closed functions when in manual mode, or may have more complex controls in the flight deck to select
cabin altitude or cabin altitude rate of change during semi-automatic control.
[0043] The system of this disclosure may provide technical benefits compared to existing systems. For example, an
operator may not have to divert attention to maintaining the cabin altitude because the closed-loop feature of the manual
system may be configured to hold the cabin altitude or command a change to the cabin altitude even without user
interaction. Furthermore, the system uses a simple flight deck selector switch (what many all-electric systems already
include), instead of complex flight deck controls to manually select the cabin altitude or cabin altitude rate of change,
which may have cost and weight benefits.
[0044] Cost benefits may also result from a selector panel (e.g., an electrical selector switch), no additional weight
(which has a fuel savings cost impact), and no added engineering costs to develop the flight deck selector panel. Finally,
the system of this disclosure may have cost, weight, and reliability advantages over electro-pneumatic systems that may
include a hold and cabin pressure rate of change function.
[0045] FIG. 2A is a conceptual diagram illustrating an example manual control panel according to one or more tech-
niques of this disclosure. Manual control panel 200 is an example implementation of manual control panel 160 described
above in relation to FIG. 1. In the example shown in FIG. 2A, manual control panel 200 includes multi-position selector
switch 202 that allows a user to manually set the position of an outflow valve. The user can manually set the position of
the outflow valve by turning the knob to the positions marked OFV close (001) or OFV open (010). Multi-position selector
switch 202 may also allow a user to select a variety of cabin altitude rates of change. The user can select a cabin altitude
rate of change by turning the knob to the positions marked 011, 100, 101, or 111. In addition, multi-position selector
switch 202 may allow a user to select the cabin altitude to be held at a present level by turning the knob to the position
marked hold (000).
[0046] Manual control panel 200 may include a selector switch 202 and a dump switch 206. Although not shown in
FIG. 2A, manual control panel 200 may include a mode button with a fault indicator as well as a manual indicator. In
response to a fault signal from the automatic pressure control unit, the fault indicator may illuminate. The vehicle operator
may then press, or otherwise activate the manual mode, which may cause the manual indicator (MAN) to illuminate and
activate selector switch 202. Selector switch 202 may include a rotary switch, such as a three-deck rotary switch,
configured to send a combination of signals to an MMC unit, e.g. MMC unit 122 described above in relation to FIG. 1.
[0047] In some examples, selector switch 202 does not include a spring-loaded mechanism that returns selector switch
202 to a default setting, such as a setting that maintains a cabin altitude. In response to a user moving selector switch
202 to a particular setting, selector switch 202 may remain at the particular setting until the user moves selector switch
202 again. In examples in which the particular setting is a climb or descent setting, the control system may be configured
to cause the cabin pressure to increase or decrease until the cabin pressure reaches a pressure limit. In response to
determining that the cabin pressure has reached a pressure limit, the control system may be configured to override the
manual control and keep the cabin pressure at the pressure limit.
[0048] When a flight crew member rotates the control knob of selector switch 202 to the OFV open position, the signal
to the MMC unit may cause an electric motor to cause an OFV, e.g. OFV 150 described above in relation to FIG. 1, to
move to a more open position, thereby releasing cabin pressure. When a flight crew member moves control knob of
selector switch 202 to the OFV close position, the signal to the MMC unit may cause an electric motor to cause the OFV,
to move to a more closed position, thereby preventing cabin pressure from being released. When a flight crew member
moves the control knob of selector switch 202 to the hold position, the signal to the MMC unit may activate closed-loop
control of the cabin pressure. The closed-loop control may maintain the cabin pressure at a pressure setpoint by receiving
an indication of cabin pressure from the pressure sensor and operating the OFV to maintain that cabin pressure. In
some examples, the cabin pressure setpoint may be set dynamically, e.g., the setpoint may be the measured pressure
at the time the flight crew released the valve control knob to the hold position.
[0049] Each of the four settings for slow climb, fast climb, slow descent, and fast descent may be associated with a
predefined rate of change. For example, the slow climb position setting may be associated with an increase in cabin
altitude of five hundred feet per minute or a decrease in pressure of roughly 1,800 pascals per minute. In response to
receiving a signal from a selector switch 202, a controller can determine a setting and the predefined rate of change
associated with the determined setting.
[0050] When a flight crew member moves the control knob of selector switch 202 to the slow climb position, the signal
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to the MMC unit may activate closed-loop control of the cabin pressure rate of change in the depressurization direction.
The closed-loop control may control the cabin pressure rate of change at a predetermined cabin pressure rate of change
setpoint by receiving an indication of cabin pressure rate of change from the pressure sensor and operating the OFV to
maintain that cabin pressure rate of change. The closed-loop control may include a cabin pressure limit which limits the
authority of the MMC to prevent depressurization beyond the predetermined cabin pressure limit, such as a pressure
associated with 13,500 feet.
[0051] When a crew member moves the control knob of selector switch 202 to the fast climb position, the signal to
the MMC unit may activate closed-loop control of the cabin pressure rate of change in the depressurization direction.
The closed-loop control may control the cabin pressure rate of change at a predetermined cabin pressure rate of change
setpoint by receiving an indication of cabin pressure rate of change from the pressure sensor and operating the OFV to
maintain that cabin pressure rate of change. The closed-loop control may include a cabin pressure limit which limits the
authority of the MMC to prevent depressurization beyond the predetermined cabin pressure limit, such as a pressure
associated with 13,500 feet.
[0052] A similar process can be used for slow descent and fast descent, using a predetermined cabin pressure limit
above which the cabin pressure would be too high under all operating circumstances, which may be applicable for
increasing cabin pressures. The predetermined limit may be set to -2,300 feet, or 110 kilopascals. As one example, a
user may control the knob of selector switch 202 to the setting associated with slow descent. Manual control panel 200
can send a signal that is dependent on or corresponds to the setting of control knob of selector switch 202 to a controller,
and the controller may be configured to determine a current, initial cabin pressure. If the initial cabin pressure is 75
kilopascals, which is associated with a cabin altitude of approximately eight thousand feet, the controller may determine
that the cabin altitude should decline by three hundred feet per minute, or ten feet per second, which is associated with
a rate of pressure increase of approximately 1,090 pascals per minute.
[0053] The controller may be configured to determine whether the actual rate of pressure increase is achieving the
target rate of change, within some acceptable tolerance. For example, 100 milliseconds after receiving the signal from
control knob of selector switch 202 indicating that the user has selected a slow descent position setting, the controller
can compare the actual cabin pressure rate of change to a target cabin pressure rate of change, such as 1,090 pascals
per minute, which is determined each computational frame by differentiating the actual cabin pressure. The closed-loop
control may include a cabin pressure limit which limits the authority of the MMC to prevent pressurization beyond the
predetermined cabin pressure limit, such as a pressure associated with an altitude -2,300 feet In this manner, the
controller may pressurize the cabin until it achieves the predetermined limit, such as a pressure associated with an
altitude -2,300 feet, or the differential pressure between the cabin pressure and the outside ambient pressure exceeds
the threshold limit of the positive differential pressure limiting valve.
[0054] Dump switch 206 may also include a guard to prevent accidental actuation of the dump feature. When dump
switch 206 is activated, a combination of signals may be received by the MMC, and the OFV may be controlled by the
MMC, equalizing the pressure inside the cabin towards the outside air pressure at a constant rate of change, and limited
in pressure to a predetermined pressure limit, such as 13,500 feet. The dump switch may be activated during flight, for
example, to clear smoke, or after landing an aircraft with an automatic control system fault, for example, to depressurize
the fuselage enough to safely open doors.
[0055] In some examples a CPCS of this disclosure may include a ditch switch, even though a ditch switch is not
shown in FIG. 2A. A ditch switch may cause the OFV to close completely, which may prevent water from entering the
cabin in the event of an emergency water landing.
[0056] FIG. 2B is a schematic diagram illustrating an example manual control panel 260 and CPCS 220 according to
one or more techniques of this disclosure. CPCS 220 is an example of CPCS 100 described above in relation to FIG.
1. Manual control panel 260 is an example schematic implementation of manual control panel 160 and manual control
panel 200 described above in relation to FIGS. 1 and 2A respectively. In the example of FIG. 2B, manual control panel
260 is configured such that a flight crew of the aircraft has access to and controls the electric switches on manual control
panel 260.
[0057] As depicted in FIG. 2B, selector switch 222, the normal-dump switch 254, and normal-manual switch 256
combine together to provide combinations of signals to the OFV controller 270 and automatic control unit 112. In addition,
normal-manual switch 256, when set to the manual position, may cause manual control panel 260 to provide electrical
power to selector switch 222. When normal-manual switch 256 is set to a normal position, manual control panel 260
may be configured to not supply power to selector switch 222. Selector switch 222 may be configured as a rotary position
switch with at least seven electrical contact positions and three switch decks (shown as 222A, 222B, and 222C in FIG.
2B). The switch decks 222A, 222B, and 222C operate from the same rotary switch 222 shaft, such that the switch decks
222A, 222B, and 222C rotate with the selector switch 222 knob rotation. The decks 222A, 222B, and 222C of selector
switch 222 may multiply each switch position to create three electrical signals represented by digit 236, digit 237, and
digit 238 for each switch position. Manual control panel 260 may be configured to transmit digits 236-238 as a set of
bits in parallel across separate channels or in series along a single channel. The value encoded in digits 236-238 may
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depend on and/or correspond to the setting or position of selector switch 222.
[0058] When normal-manual switch 256 is activated, the switch connections move from the normal position in which
automatic control unit 112 monitors and controls cabin pressure, to manual mode, in which the manual control panel
selects the mode of manual operation. The control knob of selector switch 222 may be set to a number of manual control
modes of operation. Once selector switch 222 is set to the hold position, the closed-loop pressure control of the MMC
unit maintains the cabin pressure, while in flight. In some examples, functions of the MMC unit, e.g. MMC unit 122
described above in relation to FIG. 1, may be included in OFV controller 270. The MCP MAN signal 240 may indicate
to automatic control unit 112 and OFV controller 270 that CPCS 220 is in manual mode.
[0059] OFV controller 270 and automatic control unit 112 may also be in communication with avionics 248. OFV
controller 270 may, for example communicate one or more faults to avionics 248, such as manual fault 242.
[0060] As described above in relation to FIG. 1, moving selector switch 222 to the OFV open position sends an encoded
signal including digits 236-238 to OFV controller 270, releasing cabin pressure. Moving selector switch 222 to the OFV
close position sends an encoded signal including digits 236-238 to OFV controller 270, moving the OFV to a more closed
position and reducing the rate of releasing cabin pressure.
[0061] Moving the guard and activating dump switch 254 may cause the switch connections of dump switch 254 to
move from the normal position to the dump position, which sends a dump signal 264 to automatic control unit 112, which
can control the operation of the OFV via OFV controller 270. If CPCS 220 is in manual mode, activating the dump switch
causes a combinations of digits 236-238 to open the OFV and control a fast depressurization to a cabin pressure limit
by sending an encoded signal via digits 236-238 to the OFV controller 270. OFV controller 270 may receive other
indications and signals 268 from the aircraft. Some examples may include landing gear sensors, limit signals, and similar
signals.
[0062] In manual operation, when the airplane is in flight, the OFV is controlled by the independent manual/monitor
controller for a number of modes or functions, including to: hold the cabin to an approximately constant cabin pressure,
control the cabin pressure rate of change to an approximately constant predetermined cabin pressure rate of change in
the pressuring or depressurizing direction, or directly open or close the OFV. Approximately constant may indicate within
a predetermined threshold pressure range or cabin pressure rate of change range. When manual is selected and the
airplane is in flight, the operator may manually open or close the OFV by selecting the appropriate OFV open/close
selector position. When the selector switch is set back to hold, the cabin may go back to the manual-HOLD condition
and the closed-loop pressure system of the MMC unit may maintain the cabin pressure at the pressure of the cabin
when the selector switch was set to HOLD, while the aircraft is in flight.
[0063] When manual control is selected and the vehicle is in operation, the operator may manually increase or decrease
the cabin pressure by selecting a desired setting, such as slow descent, fast descent, slow climb, or fast climb selector
position. When the selector switch is set to slow descent, fast descent, slow climb, or fast climb selector position, the
closed-loop pressure rate control system of the MMC unit may maintain the cabin pressure rate of change to the pre-
determined value associated with each selector switch setting. For the slow climb or fast climb selector switch settings,
the closed-loop pressure rate control system of the MMC unit can limit the level of cabin pressure depressurization to
a predetermined value. Thus, the MMC unit may be configured to not increase the cabin altitude above the predetermined
value. For the slow descent or fast descent selector switch settings, the closed-loop pressure rate control system of the
MMC unit can limit the level of cabin pressure pressurization to a predetermined value. Thus, the MMC unit may be
configured to not decrease the cabin altitude beyond the predetermined value. When the selector switch is set back to
hold, the cabin can go back to the manual-HOLD condition and the closed-loop pressure system of the MMC unit may
maintain the cabin pressure of the cabin to the pressure when the selector switch was set to HOLD, while the vehicle
is in operation.
[0064] In manual operation, when the airplane is on the ground and the airplane fuselage is not pressurized, no manual
hold or slow descent or fast descent or slow climb or fast climb function is utilized; instead, the OFV remains in a fixed
position as commanded by the valve selector switch 222 using the OFV close or OFV open functions. In some examples
outflow valve controller 270 may include a signal indicating that the aircraft is on the ground. For example, the aircraft
on ground, switch may be controlled by a landing gear sensor, indicating the weight of the aircraft is on the wheels.
[0065] Valve position, end-of-travel status, cabin pressure, and cabin pressure rate feedback to the operator are all
available to be used to modulate the valve as required. Manual control may be overridden by the dump command, the
altitude limit function, or the positive pressure relief valve
[0066] The functions of FIG. 2B may also be illustrated by the following table. The ditch switch is a possible function
for a cabin pressure control system that is not described in this disclosure.
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[0067] FIG. 3 is a conceptual block diagram of the system architecture of a CPCS, in accordance with some examples
of this disclosure. CPCS 300 includes automatic control unit 312 and MMC unit 320, motors 330 and 340, outflow valve
350, safety valve 352, user control panel 360, and avionics display 370. User control panel 360 may include manual
control panel 160, 200 and 260 described above in relation to FIGS. 1, 2A and 2B.
[0068] In the example of FIG. 3, automatic control unit receives power from power supply 390, which may be separate
from power supply 392 for MMC unit 320 and control panel 360. Automatic control unit 312 also receives manual operation
signal 362 from control panel 360, position signal 314 from the actuator that drives outflow valve 350, and altitude limit
signal 324 and sensed pressure signal 380 from MMC unit 320. Automatic control unit 312 can output fault signal 310
to control panel 360 and avionics display 370 in response to detecting a fault in automatic control unit 312 or motor 330.
Automatic control unit 312 may receive signals indicating the cabin pressure (labeled "Pc") and the atmospheric pressure
(labeled "Pa"). Automatic control unit 312 can also control outflow valve 350 through motor 330.
[0069] MMC unit 320 receives power from power supply 392, which may be the same power supply received by control
panel 360, and manual operation signal 362 from control panel 360. MMC unit 320 can output fault signal 322 to control
panel 360 and/or avionics display 370 in response to detecting a fault in MMC unit 320 or motor 340. MMC unit 320 may
receive a signal indicating the cabin pressure (labeled "Pc") and can control outflow valve 350 through motor 340.
[0070] FIG. 4 is a figure that describes the combinational signals from selector switch 222, when codified for MMC
unit 122. For example, digit 236 is the first digit of a three-digit combination signal, digit 237 is the second digit of a three-
digit combination signal, and digit 238 is the third digit of a three-digit combination signal. Each of the digits are "zero"
when the signal is not connected to the power bus through a normal-manual switch when normal manual switch is set
to the manual position. Each of the digits are "one" when the signal is connected to the power bus through the normal-
manual switch when the normal manual switch is set to the manual position.
[0071] As an example, when selector switch 222 is set to hold, the output of digits 236-238 is 000, signifying that an
open circuit is present on digits 236-238. As another example, when selector switch 222 is set to slow descent, the
output of digits 236-238 is 100. As another example, when selector switch 222 is set to fast descent, the output of digits
236-238 is 011. As another example, when selector switch 222 is set to slow climb, the output of digits 236-238 is 101.
As another example, when selector switch 222 is set to fast climb, the output of digits 236-238 is 111. As another example,
when selector switch 222 is set to OFV close, the output of digits 236-238 is 001 (e.g., the value 001 is encoded in digits
236-238). As another example, when selector switch 222 is set to OFV open, the output of digits 236-238 is 010.
[0072] A potential advantage to the codification of the selector switch inputs to the MMC unit 122 is that reduced
signals are required to represent each command mode to the MMC unit 122. Another potential advantage is that a user
can command a target rate of change for the cabin pressure without having to continually monitor the cabin pressure.
In some examples, the user may want to increase the cabin altitude by two thousand feet. The user can select a setting
for slow climb (+500 fpm) for a duration of four minutes and then select the setting for hold thereafter. MMC unit 122
may be configured to use closed-loop control to keep the cabin pressure close to the target pressure as that target
decreases over the four-minute duration.

Table I: Functions for the control of an outflow valve

MODE 
Switch

DUMP 
Switch

DITCH 
Switch

OFV Function

NORM NORM NORM Auto control

NORM NORM NORM Auto control faulted, waiting on selection to MAN

MAN NORM NORM

MAN - closed-loop "hold" of cabin altitude
MAN - closed-loop "slow climb" of cabin altitude
MAN - closed-loop "fast climb" of cabin altitude
MAN - closed-loop "slow descent" of cabin altitude
MAN - closed-loop "fast descent" of cabin altitude
MAN - Operator control of OFV open or close

NORM ON NORM AUTO control of dump

MAN ON NORM OFV opens at predetermined fast climb rate to predetermined cabin 
altitude

NORM NORM ON OFV closes, first ensuring ~ 0 psid, to ensure no ingress of water

MAN NORM ON
OFV closes at fixed speeds - no regard to pressure (unless DP of safety 
valve is reached)
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[0073] FIG. 5 is a block diagram illustrating details of an example implementation of a manual monitor controller unit
as part of a CPCS according to one or more techniques of this disclosure. CPCS 500 is an example implementation of
CPCS 100 described above in relation to FIG. 1. Reference numbers in CPCS 500 that are the same as those in FIGS.
1 - 3 above have the same functions and description.
[0074] Functions of MMC unit 522 may be included in an OFV or an OFV controller, as described above in relation to
FIGS. 2B and 2C. In the example of FIG. 5, MCU 120 has manual control logic 526 that performs the input processing
of input signals from manual control panel 160, pressure transducer 524, altitude limit threshold detection, a built-in test
unit (not shown in FIG. 5) and provides control commands to outflow valve 150 motor 140. Manual control logic 526
may include processing circuitry similar to that described above in relation to FIG. 1. Pressure transducer 524, altitude
limit logic 528, and altitude limit override logic 536 may be examples of circuitry include as part of monitoring circuitry
124, described above in relation to FIG. 1.
[0075] MCU 120 may perform built-in test to detect invalid switch conditions of manual control panel 160. For example,
if the manual control panel 160 provided an input signal 542 to open the outflow valve 150, but the actual manual control
panel 160 mode switch was not set to manual and the manual signal 540 is not true, then the MCU 120 may flag a fault
for the MMC unit 522 due to an invalid combination input of the input signal 542, 543, 544, and 540. In a similar manner,
MCU 120 may perform other built-in tests to detect that the actual cabin pressure signal 530 is out of range, internal
MMC unit 522 power supplies are not providing correct voltage, or motor 140 is not responding as commanded by MCU
120. In response to detecting that there is a fault in MMC unit 522, MCU 120 may be configured to set the fault signal
538 signal to true. When the MCU 120 sets the fault signal 538 to true, the shut off function 534 may disable continued
operation of the motor drive circuitry 532 from operating the motor 140, ensuring that unsafe motor 140 operation does
not occur.
[0076] MMC unit 522 also receives manual signal 540 from the manual control panel 160. If the manual control panel
is not selected to manual mode, the shut off function 534 is disabled preventing motor drive circuitry 532 from operating
the motor 140, unless the altitude limit signal 502 is true. In this similar manner, the shut off function 534 may arbitrate
if the MCU 120 may operate the motor drive circuitry 532 and motor 140 for situations of faults (above), manual, or
altitude limit control functionality (see below).
[0077] In the example of FIG. 5, pressure transducer 524 is a device with associated circuitry, which measures the
pressure sense signal 126 and converts it to a voltage (or other signal proportionally representative of cabin pressure
530) for used by the MCU 120 manual control logic 526, and also by the altitude limit logic 528. Pressure transducer
524 may include any type of pressure sensor. Cabin pressure 530 is an example of Pc, described above in relation to
FIG. 3.
[0078] Manual control logic 526 may be configured to control outflow valve 150 based on commands received from
control panel 360 as digits 542-544. For example, in response to a switch in control panel 360 being set to a slow descent
rate position (e.g., the digits 100), manual control logic 526 may be configured to control the cabin altitude to descend
the cabin altitude at the slow descent rate. In response to the switch being set to a fast descent rate position (e.g., the
digits 011), manual control logic 526 may be configured to control the cabin altitude to descend the cabin altitude at the
fast descent rate. In response to the switch being set to the slow climb rate position (e.g., the digits 101), manual control
logic 526 may be configured to control the cabin altitude to climb the cabin altitude at a slow climb rate.
[0079] In response to the switch being set to the fast climb rate position (e.g., the digits 111), manual control logic 526
may be configured to control the cabin altitude to climb the cabin altitude at a fast climb rate. For the slow and fast climb
positions, altitude limit logic 528 may be configured to maintain the cabin altitude below a predetermined value that
represents altitude limit 502 (e.g., fourteen to fifteen thousand feet). In response to the switch being set to the fast OFV
close position (e.g., the digits 001), manual control logic 526 may be configured to control the OFV to move rapidly
towards the closing direction. In response to the switch being set to the fast OFV open position (e.g., the digits 010),
manual control logic 526 may be configured to control the OFV to move rapidly towards the opening direction until the
cabin altitude reaches a limited value. Thus, digits 542-544 may encode a hold command, a rate of change command,
or manual adjust command for outflow valve 150.
[0080] In operation, altitude limit logic 528 may be configured to utilize the cabin pressure signal from pressure trans-
ducer 524 to determining whether the actual cabin pressure 530 is less than the pre-programmed altitude limit threshold
pressure. The altitude limit threshold pressure may be pre-programmed into the MMC unit 522 by using analog circuitry,
digital potentiometer, non-volatile memory, or other mechanism that stores the altitude limit threshold pressure. In re-
sponse to determining that the actual cabin pressure 530 is less than the altitude limit threshold pressure, altitude limit
logic 528 may be configured to activate and set altitude limit 502 signal to true. In response to determining that altitude
limit signal 502 is true, automatic control 112 may be configured to receive altitude limit signal 502 and identify the
condition to the airplane for flight crew situational awareness. When altitude limit signal 502 is true, automatic control
112 motor control circuitry may be configured to disable and no longer operate motor 130.
[0081] When altitude limit signal 502 is true, shut off function 534 may receive signal 502 and enable the motor 140
to be operated by the MCU 120 even though the manual signal 540 is not true. MMC unit 522 motor drive circuitry 532
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can become enabled via motor 140 shut off function 534 when the signal 502 is true at shut off function 534. This allows
MCU 120 to operate motor 140 to the closed direction to reduce the amount of fluid flow out of the cabin. MCU 120 may
be configured to also utilize cabin pressure signal 530 from pressure sense 126 to compare against a known altitude
limit threshold pressure. In response to determining that the cabin pressure signal 530 is less than the known altitude
limit threshold pressure, MCU 120 may be configured to actively control motor 140 in the closed direction using the
motor drive circuitry 532 which was enabled by the shut off function 534, when the altitude limit logic 528 sets the altitude
limit signal 502 to true.
[0082] The circuitry of MMC unit 522 unit hosts pressure transducer 524 and performs the altitude limit output 502
and altitude limit override logic 536 when the cockpit altitude exceeds a predetermined value (e.g. 15,000 feet). Thus,
MMC unit 522 has its own power supply to support this function as described above in relation to FIGS. 3 and 4.
[0083] In the event of an altitude limit event, MMC unit 522 provides a signal 502 to the automatic control unit 112,
which may include an automatic motor control (AMC) unit. The altitude limit event signal 502 may disable the automatic
motor control of motor 130. MMC unit 522 also drives the manual motor 140 closed to limit further depressurization. The
altitude limit closing speed may be "tuned" the to limit the initial overshoot to the altitude limit set-point and then "regulate"
to that set-point.
[0084] The MMC circuit may be configured to perform manual hold, manual slow climb, manual fast climb, manual
slow descent, manual fast descent, manual OFV open, or manual OFV close or DUMP of OFV 150 if the flight deck
mode switches in manual control panel 160 of user control panel 360 are set to MAN, and the selector switch of user
control panel 360 is set to hold, slow climb, fast climb, slow descent, fast descent, OFV close or OFV open; or DUMP.
During MAN-OFV open control or MAN-OFV close control, OFV 150 is opened or closed to a scheduled motor speed.
The first few seconds of MAN-OFV open control or MAN-OFV close control may be a slow motor speed, then MCU 120
may be configured to command the remaining valve opening or closing at a higher motor speed. One reason for the
slow-to-fast schedule is to limit the initial pressurization/depressurization rate prior to ultimately closing/opening the OFV.
[0085] If required, altitude limit can override the OFV open or slow climb or fast climb or DUMP function and limit the
cockpit altitude. If the flight is above 15,000 feet, for example, after an initial overshoot the cockpit altitude may be limited
to 15,000 feet, which is the US regulatory limit above which passengers require oxygen. In other examples, altitude limit
override logic 536 can be utilized to allow the DUMP function to completely open the OFV, even when the aircraft is
above the 15,000 ft altitude limit threshold.
[0086] FIG. 6 is a flowchart illustrating an example operation of a manual control system according to one or more
techniques of this disclosure. The blocks of FIG. 6 will be described in terms of outflow valve controller 270 in FIG. 2B,
unless otherwise noted.
[0087] Outflow valve controller 270 receives a signal from the manual control panel 260, where manual control panel
260 includes selector switch 202 (600). The signal may be a digital signal or an analog signal. In the example shown in
FIG. 2B, the signal includes digits 236-238. Outflow valve controller 270 then determines a setting from a plurality of
predefined settings based on the signal received from manual control panel 260 (602). For a three-bit digital number,
there may be up to eight predefined settings. The settings may include one or more settings for increasing the cabin
pressure using closed-loop pressure control and one or more settings for decreasing the cabin pressure using closed-
loop pressure control and one or more settings to directly open or close the outflow valve using open-loop motor control.
[0088] Outflow valve controller 270 determines whether the setting is associated with closed-loop control or open-loop
control (604). In some examples, manual control panel 260 includes only closed-loop control settings, where each closed-
loop control setting is associated with a target rate of change. In the example shown in FIG. 2A, however, selector switch
202 includes two open-loop control settings: OFV close and OFV open. Outflow valve controller 270 may be configured
to perform open-loop control without a feedback pressure signal, and outflow valve controller 270 may be configured to
perform closed-loop control based on a feedback pressure signal.
[0089] In response to determining that the setting is associated with closed-loop control (e.g., slow descent), outflow
valve controller 270 determines a target rate of change and a predetermined pressure limit for a cabin pressure based
on the determined setting (606). Outflow valve controller 270 can also determine the current cabin pressure and the
current cabin pressure rate of change in order to determine whether current pressure and pressure rate of change values
are satisfying the target rate of change and the predetermined pressure limit. Outflow valve controller 270 controls the
outflow valve based on the target rate of change and the predetermined pressure limit (608).
[0090] In response to determining that the actual cabin pressure is less than a target pressure value, outflow valve
controller 270 can close the outflow valve. In response to determining that the actual cabin pressure is greater than a
target pressure value, outflow valve controller 270 can open the outflow valve. In response to determining that the setting
is associated with open-loop control, outflow valve controller 270 controls the outflow valve open or closed based on
the determined setting (610). In some examples, open-loop control does not include any sensed feedback, so outflow
valve controller 270 may be configured to drive a motor to increase or decrease the airflow through the outflow valve
and not control the outflow valve to achieve a specific cabin pressure. In an open-loop control setting, outflow valve
controller 270 may be configured to increase or decrease the opening or airflow of the outflow valve, rather than controlling
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the rate of change of the cabin altitude or cabin pressure.
[0091] In one or more examples, the functions described above may be implemented in hardware, software, firmware,
or any combination thereof. For example, the MMC unit 122, MMC unit 320, outflow valve controller 270, automatic
control unit 112, avionics 248 and other components that including processing circuitry may be implemented in hardware,
software, firmware, or any combination thereof. If implemented in software, the functions may be stored on a tangible
computer-readable storage medium and executed by a processor or hardware-based processing unit.
[0092] Instructions may be executed by one or more processors, such as one or more digital signal processors, general
purpose microprocessors, application-specific integrated circuits, field-programmable gate arrays, or other equivalent
integrated or discrete logic circuitry. Accordingly, the term "processor," and "processing circuitry" as used herein, such
as may refer to any of the foregoing structure or any other structure suitable for implementation of the techniques
described herein. Also, the techniques could be fully implemented in one or more circuits or logic elements.
[0093] The techniques of this disclosure may be implemented in a wide variety of devices or apparatuses, including
an integrated circuit (IC) or a set of ICs (e.g., a chip set). Various components, modules, or units are described in this
disclosure to emphasize functional aspects of devices configured to perform the disclosed techniques, but do not nec-
essarily require realization by different hardware units. Rather, as described above, various units may be combined in
a hardware unit or provided by a collection of interoperative hardware units, including one or more processors as
described.
[0094] The following numbered aspects demonstrate one or more aspects of the disclosure.
[0095] Aspect 1. A method for controlling cabin pressure includes receiving a signal from a selector switch; determining
a setting from a plurality of predefined settings based on the signal received from the selector switch; determining a
target rate of change for a cabin pressure based on a setting selected by the user; and controlling the outflow valve
based on the target rate of change.
[0096] Aspect 2. A cabin pressure control and monitoring system includes an outflow valve; a manual control panel
comprising a selector switch and configured to generate a signal indicating a position of the selector switch; and a
controller configured to receive the signal from the manual control panel; determine a setting from a plurality of settings
based on the signal received from the manual control panel; determine a target rate of change for a cabin pressure
based on a setting selected by the user; and control the outflow valve based on the target rate of change.
[0097] Aspect 3. A cabin pressure control and monitoring system includes an outflow valve; a selector switch comprising
a plurality of settings, wherein the selector switch is configured to receive user input based on which setting of the plurality
of settings is selected by a user; and a controller configured to perform the method of aspect 1.
[0098] Aspect 4. A cabin pressure control and monitoring system includes an outflow valve; a selector switch comprising
a plurality of settings, wherein the selector switch is configured to receive user input based on which setting of the plurality
of settings is selected by a user; and a controller configured to determine a target rate of change for a cabin pressure
based on a setting selected by the user; and control the outflow valve based on the target rate of change.
[0099] Aspect 5. A cabin pressure control and monitoring system includes an outflow valve configured to open to
reduce a cabin pressure; an input device configured to receive user input; a controller configured to determine a com-
manded rate of change for the cabin pressure based on the user input; and control the outflow valve based on the
commanded rate of change.
[0100] Aspect 6. A cabin pressure control and monitoring system of the previous aspects or any combination thereof,
wherein the controller is further configured to drive the outflow valve to a first position based on the commanded rate of
change; receive a sensed signal indicating the cabin pressure; determine whether the cabin pressure is less than, greater
than, or equal to a cabin pressure value for achieving the commanded rate of change; and drive the outflow valve to a
second position based on whether the cabin pressure is less than, greater than, or equal to a cabin pressure value for
achieving the commanded rate of change.
[0101] Aspect 7. A cabin pressure control and monitoring system of the previous aspects or any combination thereof,
wherein the controller is configured to control the outflow valve based on the commanded rate of change using closed-
loop control.
[0102] Aspect 8. A cabin pressure control and monitoring system of the previous aspects or any combination thereof,
wherein the controller is configured to use closed-loop control to maintain the pressure rate of change of the cabin
pressure.
[0103] Aspect 9. A cabin pressure control and monitoring system of the previous aspects or any combination thereof,
wherein to use closed-loop control, the controller is configured to control the outflow valve to achieve the target rate of
change for the cabin pressure.
[0104] Aspect 10. A cabin pressure control and monitoring system of the previous aspects or any combination thereof,
wherein the input device is configured to output a signal indicating the commanded rate of change.
[0105] Aspect 11. A cabin pressure control and monitoring system of the previous aspects or any combination thereof,
wherein the input device has a plurality of settings, where each setting is associated with a particular rate of change.
[0106] Aspect 12. A cabin pressure control and monitoring system of the previous aspects or any combination thereof,
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wherein a setting of the input device is associated with no change in the cabin pressure.
[0107] Aspect 13. A cabin pressure control and monitoring system of the previous aspects or any combination thereof,
wherein a setting of the input device is associated with a rate of increase of the cabin pressure.
[0108] Aspect 14. A cabin pressure control and monitoring system of the previous aspects or any combination thereof,
wherein a setting of the input device is associated with a rate of decrease of the cabin pressure.
[0109] Aspect 15. A cabin pressure control and monitoring system of the previous aspects or any combination thereof,
wherein a first setting of the input device is associated with a first rate of increase of the cabin pressure, and wherein a
second setting of the input device is associated with a second rate of increase of the cabin pressure that is greater than
the first rate.
[0110] Aspect 16. A cabin pressure control and monitoring system of the previous aspects or any combination thereof,
wherein a first setting of the input device is associated with a first rate of decrease of the cabin pressure, and wherein
a second setting of the input device is associated with a second rate of decrease of the cabin pressure that is greater
than the first rate.
[0111] Aspect 17. A cabin pressure control and monitoring system of the previous aspects or any combination thereof,
wherein the controller is configured to determine a target rate of change for the cabin pressure based on a digital number
received from the selector switch.
[0112] Aspect 18. A cabin pressure control and monitoring system of the previous aspects or any combination thereof,
wherein the controller is configured to determine a target rate of change for the cabin pressure by at least applying a
digital number received from the selector switch to a mapping table; or applying the digital number received from the
selector switch to a look-up table.
[0113] Aspect 19. A cabin pressure control and monitoring system of the previous aspects or any combination thereof,
further comprising an electric motor configured to drive the outflow valve based on signals received from the controller.
[0114] Aspect 20. A cabin pressure control and monitoring system of the previous aspects or any combination thereof,
wherein the controller is configured to control an electric motor to adjust the position of the outflow valve to maintain a
target rate of change.
[0115] Aspect 21. A method for controlling cabin pressure includes receiving a signal from a manual control panel,
wherein a value encoded in the signal is dependent on a position of a selector switch. The method also includes
determining a target rate of change for a cabin pressure based on the value encoded in the signal. The method further
includes controlling an outflow valve based on the target rate of change.
[0116] Aspect 22. The method of aspect 21, further including receiving a feedback signal from a pressure sensor.
[0117] Aspect 23. The method of aspect 21 or aspect 22, wherein controlling the outflow valve is based on a feedback
signal to achieve the target rate of change.
[0118] Aspect 24. The method of aspects 21-23 or any combination thereof, further including causing a motor to drive
the outflow valve to a first position based on the target rate of change.
[0119] Aspect 25. The method of aspects 21-24 or any combination thereof, further including determining whether the
cabin pressure is less than, greater than, or equal to a cabin pressure value for achieving the target rate of change based
on a feedback signal.
[0120] Aspect 26. The method of aspects 21-25 or any combination thereof, further including causing the motor to
drive the outflow valve to a second position based on whether the cabin pressure is less than, greater than, or equal to
a cabin pressure value for achieving the target rate of change.
[0121] Aspect 27. The method of aspects 21-26 or any combination thereof, further including determining a setting
from a plurality of settings based on the value encoded in the signal, wherein each setting of the plurality of settings is
associated with a particular rate of change.
[0122] Aspect 28. The method of aspects 21-27 or any combination thereof, further including determining a setting
from a plurality of settings based on the value encoded in the signal, wherein a first setting of the plurality of settings is
associated with a rate of increase of the cabin pressure.
[0123] Aspect 29. The method of aspects 21-28 or any combination thereof, further including determining a setting
from a plurality of settings based on the value encoded in the signal, wherein a second setting of the plurality of settings
is associated with a rate of decrease of the cabin pressure.
[0124] Aspect 30. The method of aspects 21-29 or any combination thereof, further including determining a setting
from a plurality of settings based on the value encoded in the signal, wherein a third setting of the plurality of settings is
associated with zero rate of change of the cabin pressure.
[0125] Aspect 31. The method of aspects 21-30 or any combination thereof, further including determining a hold setting
based on the value encoded in the signal.
[0126] Aspect 32. The method of aspects 21-31 or any combination thereof, further including controlling the outflow
valve to maintain the cabin pressure at a cabin pressure setpoint in response to determining a hold setting.
[0127] Aspect 33. The method of aspects 21-32 or any combination thereof, further including determining an open-
loop control setting based on the value encoded in the signal.
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[0128] Aspect 34. The method of aspects 21-33 or any combination thereof, further including performing open-loop
control of the outflow valve in response to determining a open-loop control setting.
[0129] Aspect 35. The method of aspects 21-34 or any combination thereof, wherein receiving the signal includes
receiving a digital number as a set of parallel bits from the manual control panel.
[0130] Aspect 36. The method of aspects 21-35 or any combination thereof, wherein determining the target rate of
change is based on a digital number received from the manual control panel.
[0131] Aspect 37. A cabin pressure control and monitoring system includes an outflow valve and a manual control
panel comprising a selector switch and configured to generate a signal, wherein a value encoded in the signal is dependent
on a position of the selector switch. The cabin pressure control and monitoring system also includes a controller configured
to receive the signal from the manual control panel, determine a target rate of change for a cabin pressure based on
the value encoded in the signal, and control the outflow valve based on the target rate of change.
[0132] Aspect 38. The cabin pressure control and monitoring system of aspect 37, wherein the controller is configured
to perform the method of aspects 1 and 21-36 or any combination thereof.
[0133] Aspect 39. The cabin pressure control and monitoring system of aspect 37 or aspect 38 or any combination
thereof, further including a first motor configured to operate the outflow valve, a second motor configured to operate the
outflow valve, and a first microcontroller configured to automatically control the first motor based on the cabin pressure.
The controller comprises a second microcontroller configured to control the second motor based on the target rate of
change. A type of the first microcontroller is different than a type of the second microcontroller.
[0134] Aspect 40. The cabin pressure control and monitoring system of aspect 39, wherein a design of the first
microcontroller is different than a design of the second microcontroller.
[0135] Aspect 41. The cabin pressure control and monitoring system of aspect 39 or aspect 40 or any combination
thereof, wherein the first microcontroller operates independently of the second microcontroller.
[0136] Aspect 42. The cabin pressure control and monitoring system of aspects 39-41 or any combination thereof,
wherein the first microcontroller is configured to receive power from a first power supply, and the second microcontroller
is configured to receive power from a second power supply, the second power supply being different than the first power
supply.
[0137] Aspect 43. The cabin pressure control and monitoring system of aspects 39-42 or any combination thereof,
further including a first pressure sensor and a second pressure sensor separate from the first pressure sensor, wherein
the first microcontroller is configured to automatically control the first motor based on an output of the first pressure
sensor, and the second microcontroller is configured to perform closed-loop control of the second motor based on the
target rate of change and further based on an output of the second pressure sensor.
[0138] Aspect 44. A system comprising means for performing each step of the method of aspects 1 and 21-36 or any
combination thereof.
[0139] Aspect 45. A device comprising a computer-readable medium having executable instructions stored thereon,
configured to be executable by processing circuitry for causing the processing circuitry to perform the method of aspects
1 and 21-36 or any combination thereof.
[0140] Various examples of the disclosure have been described. These and other examples are within the scope of
the following claims.

Claims

1. A cabin pressure control and monitoring system comprising:

an outflow valve;
a manual control panel comprising a selector switch and configured to generate a signal, wherein a value
encoded in the signal is dependent on a position of the selector switch; and
a controller configured to:

receive the signal from the manual control panel;
determine a target rate of change for a cabin pressure based on the value encoded in the signal; and
control the outflow valve based on the target rate of change.

2. The cabin pressure control and monitoring system of claim 1,
wherein the controller is configured to receive the feedback signal from a pressure sensor, and
wherein to control the outflow valve, the controller is configured to control the outflow valve based on a feedback
signal to achieve the target rate of change.



EP 4 056 476 A1

16

5

10

15

20

25

30

35

40

45

50

55

3. The cabin pressure control and monitoring system of claim 2, wherein the controller is further configured to:

cause a motor to drive the outflow valve to a first position based on the target rate of change;
determine whether the cabin pressure is less than, greater than, or equal to a cabin pressure value for achieving
the target rate of change based on the feedback signal; and
cause the motor to drive the outflow valve to a second position based on whether the cabin pressure is less
than, greater than, or equal to the cabin pressure value.

4. The cabin pressure control and monitoring system of any of claims 1-3,

wherein the controller is configured to determine a setting from a plurality of settings based on the value encoded
in the signal, and
wherein each setting of the plurality of settings is associated with a particular rate of change.

5. The cabin pressure control and monitoring system of claim 4,

wherein a first setting of the plurality of settings is associated with a rate of increase of the cabin pressure,
wherein a second setting of the plurality of settings is associated with a rate of decrease of the cabin pressure, and
wherein a third setting of the plurality of settings is associated with zero rate of change of the cabin pressure.

6. The cabin pressure control and monitoring system of any of claims 1-5, wherein the controller is configured to:

determine an open-loop control setting based on the value encoded in the signal; and
perform open-loop control of the outflow valve in response to determining the open-loop control setting.

7. The cabin pressure control and monitoring system of any of claims 1-6,

wherein the value is encoded in the signal as a digital number,
wherein the controller is configured to determine the target rate of change based on the digital number received
from the manual control panel, and
wherein the manual control panel is configured to transmit the digital number as a set of parallel bits to the
controller.

8. The cabin pressure control and monitoring system of any of claims 1-7, further comprising:

a first motor configured to operate the outflow valve;
a second motor configured to operate the outflow valve;
a first microcontroller configured to automatically control the first motor based on the cabin pressure; and
wherein the controller comprises a second microcontroller configured to control the second motor based on the
target rate of change, and
wherein a type of the first microcontroller is different than a type of the second microcontroller.

9. The cabin pressure control and monitoring system of claim 8,

wherein a design of the first microcontroller is different than a design of the second microcontroller, and
wherein the first microcontroller operates independently of the second microcontroller.

10. The cabin pressure control and monitoring system of claim 8 or 9,

wherein the first microcontroller is configured to receive power from a first power supply, and
wherein the second microcontroller is configured to receive power from a second power supply, the second
power supply being different than the first power supply.

11. The cabin pressure control and monitoring system of claim 10, further comprising a first pressure sensor and a
second pressure sensor separate from the first pressure sensor,

wherein the first microcontroller is configured to automatically control the first motor based on an output of the
first pressure sensor, and
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wherein the second microcontroller is configured to perform closed-loop control of the second motor based on
the target rate of change and further based on an output of the second pressure sensor.

12. A method for controlling cabin pressure, the method comprising:

receiving a signal from a manual control panel, wherein a value encoded in the signal is dependent on a position
of a selector switch;
determining a target rate of change for a cabin pressure based on the value encoded in the signal; and
controlling an outflow valve based on the target rate of change.

13. The method of claim 12, further comprising receiving a feedback signal from a pressure sensor, wherein controlling
the outflow valve is based on the feedback signal to achieve the target rate of change.

14. The method of claim 12 or 13, further comprising:

determining a hold setting based on the value encoded in the signal; and
controlling the outflow valve to maintain the cabin pressure at a cabin pressure setpoint in response to determining
the hold setting.

15. The method of any of claims 12-14,

wherein receiving the signal comprises receiving a digital number as a set of parallel bits from the manual control
panel, and
wherein determining the target rate of change is based on the digital number received from the manual control
panel.
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